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I
摘 要 
    点漆机是一种使用油漆或者其它染色剂对产品表面或者孔槽进行填色、染色
的机器，主要用于饰品、徽章、五金、棋牌以及电子元件等领域。目前点漆企业
仍大量沿用手工点漆，因而迫切需要研制一套精度高、稳定性好的点漆流程自动
化系统，以提高点漆生产效率。 
本文将机器视觉技术应用在点漆机的设计中，实现了对点漆运动和点漆位置
的精准控制。本文的主要研究工作如下：   
（1）对基于边缘的模板匹配算法进行了改进，使用 Sobel 算子对图像进行
滤波，得到模板与搜素图像边缘点方向向量。相似度度量采用模板边缘点与搜索
图像对应点的点积和，使得相似度量基本不受遮挡、混乱以及光照变化的影响；
在搜索策略上，采用图像金字塔的搜索方法，先在金字塔高层进行“粗匹配”，
然后在金字塔低层进行“精匹配”，提高了匹配速度。   
（2）通过数据拟合，给出标定图像数量和摄像机标定精度之间的关系。对
镜头的畸变模型进行了改进，采用三个参数来描述径向畸变，以及两个参数来描
述偏心畸变，解决了传统的分割式畸变模型精度不高的问题。     
（3）采用原点限位开关和捕捉 Z 相脉冲结合的方法提高了机械手原点复归
的精度；设计了先传输模板的轨迹点和中心坐标到控制器而加工时只传输产品的
中心坐标及旋转角度的数据传输方式，与传输所有产品的全部加工点相比，提高
了传输效率。   
（4）介绍了系统软件的开发环境——.NET 平台和 C#语言。采用 C#语言进
行了系统软件的设计，包括相机控制模块、学习样品模块、图像匹配模块、摄像
机标定模块、手眼标定模块、控制 PLC 模块以及自动加工模块。通过 C#可视化
界面将不同模块连接在一起，完成整个点漆机系统的开发。   
（5）对点漆机系统进行测试分析。运动控制部分，主要是对移动重复精度
和连续出料进行了测试，通过分析确定直线出料不匀问题为伺服电机的加减速引
起的。视觉控制部分，主要是对摄像机标定参数进行精度评估，对图像定位和手
眼标定的精度进行验证。 
本文主要研究工作在于将机器视觉技术与点漆技术结合起来，成功研制了一
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II
台全自动视觉点漆机，实现了对点漆运动和点漆位置的精确控制。 
 
关键词：点漆机，机器视觉，系统开发 
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ABSTRACT 
The dispenser is a machine which dyes the surface or holes in the productwith  
paint or other stains , it is widely used in processing jewelry, badges, hardware, chess 
and electroniccomponents. At present, there arestill alarge number of related 
enterprises using manual dyeing way. Therefore a fully automated dispensing machine 
which has the advantages of high accuracy and good stability will be designed，which 
instead the traditional manual dyeing and improves the efficiency. 
Themachine vision technologyis applied in the design of the automatic dispensing 
machine, which successfully controls the dispensing movement and the  
dispensingposition. The main research work of this paper is as follows: 
1.It proposes and implements a shape-based templatematching algorithm. By 
using the Sobel operator to filter the templateimageand the search image,the vectors 
of the edge points of both images are obtained. The inner product of the template edge 
points and the corresponding points of the search image is the result of similarity 
measurement.Analysis shows that the method resists occlusion, chaos and the change 
of illumination effectively.In the search strategy,the image pyramid search method 
which carry out " Rough match "in the upper level and"fine match" in the lower level 
is used to improve the matching speed. 
2.Through the data fitting, the relationship between the number of calibration 
images and the accuracy of the camera calibration is given.The improvedmodel for 
the lens distortions which uses three parameters to describe the radial distortion and 
two parameters to describe the eccentric distortion was presented, its calibration 
accuracy is higher than the traditional split distortion model. 
3.It uses the method of capturing the origin limit switch and the Z-phase pulse  
to improve the accuracy of the robot reset. it designs the data transmission method 
which transfers the track points and the center coordinates of template to the 
controller previously and only transfers the center coordinates and rotation angles of 
the products in later processing,comparing totransferall processing points of all 
products, improve the transmission efficiency. 
4.It introduces the development environment of dispensing system software 
--.NET platform and C # language. The whole system is designed in C # language, 
including camera control module, learning sample module, image matching module, 
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camera calibration module, hand-eye calibration module, control PLC module and 
automatic processing module. With the C#visual interface, different modules are 
connected and thedesign of entiredispensing system is completed. 
5.It performs a performance test on the dispensing system. In the motion control, 
it is mainly about mobile repeat accuracy and continuous discharge.Through the 
analysis, it is concluded that the problem straight line is uneven is caused by  
unavoidable acceleration and deceleration of the servo motor.In the visual control, it is 
mainly about camera calibration accuracy assessment and verifying the image 
positioningaccuracy and hand-eye calibration accuracy. 
In the paper, the vision technology is used in the dispensing process, a fully 
automatic dispensing machine is developed and it realizes the precise control of the 
dispensing movement and the dispensing position.  
 
Keywords: Dispenser;Machine vision;System development  
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1
第一章 绪论 
1.1 本课题的研究背景及意义 
近十年来，我国的劳动力成本以及原材料成本等不断上升，传统制造业在成
本上具有的优势已经逐渐丧失，企业的核心竞争力逐渐下降。提升企业的自动化
水平，可以降低成本、提高产品质量，这是我国传统制造业提高自身核心竞争力
的重要途径[1]。 
点漆技术是使用油漆或者其它染色剂实现对产品表面或者孔槽进行填色、染
色。产品的填色、染色是使产品达到反差，给人目视清晰，达到传递信息的手段,
如果产品没有颜色的调节，也就无法给人以视觉上的明朗感觉，同时产品的填色
和染色也是进行装饰和美化的手段[2]。点漆技术在工业生产中的应用广泛，应用
领域如图 1-1 所示。 
 
 
图 1-1 点漆技术的应用范围 
 
经过对国内几家大型标牌加工厂进行实地考察以及在网络上进行调研，可以
发现，虽然目前我国在各行各业都已实现了不同程度的自动化，但是对产品实施
点漆填色的工艺大多数仍依靠手工操作完成，因此对企业的人力及管理等成本产
生大量消耗。且长时间的人工点漆会使得工人出现疲劳，从而导致点漆的重复性
较低，而且人工也难以进行精细产品的点漆，因此降低了企业的生产效率和产品
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